Introduction
Economists traditionally tackle normative problems by computing optimal policy, i.e. the one that maximizes a social welfare function. In practice, however, the actual conduct of economic policy rarely follows these guidelines.
The whole set of government interventions-taxes, subsidies, and regulationsis characterized by a large set of parameters and, even if one were given an appropriate social welfare function, it is impossible to compute their optimal values. Rather, reform takes place as follows. There is status quo de…ned by a set of policy parameters inherited from the past, and there is a social demand to alter this status quo. Government respond to this status quo by altering a small subset of parameters, often marginally, i.e. by a small amount. The status quo gradually evolves as a result of this trial-and-error process. We expect the process to stop when no such marginal improvements are feasible.
Thus, rather than a …rst-best optimal policy being selected, the economy converges to a local optimum in a restricted sense, i.e. in the sense that the objective function cannot be improved by a small change to a small subset of parameters.
This raises a number of questions which do not arise in traditional optimal policy analysis. For example:
² To what extent is the resulting policy history-dependent? In a …rst best world, the optimum will be selected regardless of initial conditions.
Under my trial and error assumption, if there are several restricted local optima, which one will eventually be selected will depend on initial conditions. The greater the number of local optima, the more arbitrary and history-dependent the policy outcome.
² How large are the losses that history-dependence may cause? In other words, do all local optima yield comparable values for the objective function, or are some of them clearly worse that others?
² Should economic policy be simple or complex, that is, how many instruments should we use? In a …rst best world, an increase in the number of instruments is always bene…cial, because it increases the set of policies that can be pursued (simple policies can always be replicated when more instruments are introduced). This is not necessarily true, however, in a trial-and-error world. Having more instruments could in principle increase the number of restricted local optima in such a way that some of them are worse than local optima under simpler policies.
In other words, if complexity increases the number of local optima, it may make policy more history-dependent. This increases the likelihood of being remote from the best policy, i.e. makes large bene…cial policy changes less likely to occur. In such a situation, one may make a case
for simpler policies.
I analyze these issues in the context of a model of optimal taxation. The underlying structure of preferences and technology is standard. Agents di¤er in their ability as well as in their disutility of working. Income is taxed and the tax code is piece-wise linear, being characterized by n tax brackets.
Tax proceeds are used to …nance a public good. The social welfare function depends on the level of the public good as well as on a composite index of income which re ‡ects a concern about inequality. The only tax policy changes that are allowed are those which move one critical point in the tax schedule up or down by a small …xed amount. I call this a "feasible reform". A restricted local optimum (RLO) is reached when no feasible reform improves social welfare. I compute these local optima by starting from randomly selected tax codes, and then sequentially implementing feasible reforms, until an RLO is reached.
Our numerical results suggest that the number of RLOs goes up with the complexity of the tax system, as captured by the number of brackets.
It also typically goes up when the curvature of the disutility of labor goes up, i.e. when labor supply is more reactive to changes in marginal tax rates.
Another striking implication is that an increase in complexity beyond a cer-3 tain level is harmful to the expected performance of the tax system. That is, while greater complexity allows to better '…ne-tune' the best optimum, thus improving the corresponding value of the social welfare function, it also introduces new RLOs whose performance can be quite poor. I de…ne the performance of the tax system as the average social level across RLOs, when each RLOs is weighted by the frequency with which is was reached across searches. When the number of tax brackets goes up beyond some point, performance deteriorates, implying that the welfare loss from reaching suboptimal equilibria more often outweigh the welfare gains from improving the value of the best optimum.
Our results are similar to those found by Kau¤man (1985) in his so-called N K model. This is an abstract statistical model which the author uses to analyze the evolution of complex biological objects such as proteins or DNA. A somewhat similar approach has been applied by Durlauf (1993) and Brock and Durlauf (2001) to economic problems such as ghetto formation and multiple long-run growth paths. The essence of these results is that path-dependence is more likely, the greater the complexity of the system and the greater the degree of interaction among units. Speci…cally, Kau¤man considers N units who can be in one of two boolean states (0 or 1), and whose individual contribution to the overall …tness of the system depends on the state of K other units. By running numerous numerical simulations over randomly de…ned such systems characterized by K and N; Kau¤man shows that the "…tness landscape", i.e. the way the objective function varies over di¤erent states of the system, is more "rugged", i.e. has more local optima, the greater K and N:
In my model, the equivalent of a unit is a given tax bracket, and the interaction among tax brackets is larger, the smaller the curvature of the disutility of e¤ort. If this curvature is very strong, then labor supply is very inelastic to marginal income taxes, and so is income. The contribution of a given tax bracket to overall inequality and tax receipts is then basically independent of the level of other tax brackets, since workers have little opportunity to change tax brackets by changing their e¤ort level. By contrast, if labor supply is very elastic, a change in a given tax bracket can induce a strong reallocation of workers among tax brackets. Thus interaction among tax brackets is stronger, the more elastic is labor supply. Finally, the equivalent of the biologist's …tness function is the social welfare function.
The similarity of our results with those of Kau¤man are suggestive, but the present model is not a special case of his N K model. While Kau¤man considers any arbitrary, randomly generated, function de…ning the contribution of each unit to total …tness, in my model total …tness is the result of the underlying economic behavior of optimizing economic agents.
The economy
The arti…cial economies I consider have a standard structure. There are q agents, who have access to a constant returns to scale technology producing a single homogeneous good using labor. Agents di¤er by their ability and their disutility of e¤ort. Utility is given by
where c is consumption, e is e¤ort, b is the individual speci…c parameter capturing di¤erences in the disutility of labor, and´is a parameter capturing the curvature of this disutility. The greater´; the more inelastic is labor supply. As´goes to in…nity, labor supply becomes totally inelastic as each agent supplies one unit of e¤ort.
The amount of good produced by an agent with ability a is
where e is the agent's e¤ort level. For simplicity, I assume that e¤ort cannot exceed 1=a; so that total income is between 0 and 1.
The tax code is a function relating net income z to gross income y :
I assume that the tax code is continuous and piece wise linear over n intervals, called 'brackets', whose n + 1 kink points are equidistant; I restrict net income to be also between 0 and 1. A typical tax code is illustrated in Figure 1 . Decreasing portions, i.e. portions with a marginal tax rate greater than 100 %, are ruled out.
1
The consumers' budget constraint implies z(y) = c: Therefore, their optimum e¤ort level is given by:
he government tries to maximize an objective function which re ‡ects a concern for income distribution, as well as to provide for a public good.
Speci…cally I assume that the social welfare function is given by
where T is net total tax receipts:
The social welfare function is therefore a CES aggregate of total tax receipts per capita, and of an index of average personal disposable income adjusted for inequality in the fashion of Atkinson (1970) .
2
This index is homogeneous of degree one in disposable income, but increases with meanpreserving redistributions. Concern for inequality is captured by°· 1:
1 There is no a priori problem with having such portions, except that allowing them tends to spuriously increase the number of local optima. This is because marginal tax rates in excess of 100 % may generate con…gurations where disposable income falls with pre-tax income beyond a certain income level. Nobody would get a pre-tax income greater than this threshold, and marginal changes in the tax code in this zone typically have no e¤ect. This tends to generate a large number of equivalent local optima. To rule out this possibility we impose that marginal tax rates should not exceed 100 %.
The smaller°; the greater inequality aversion. T =q enters because net tax receipts are spent on a public good.¸and Ã capture the relative weight of the public good in social welfare and the social elasticity of substitution between (inequality adjusted) disposable income and the public good, respectively.
Starting from a given tax code, the government tries to improve it by implementing a succession of small restricted changes to the tax code. It can only move net income by §0:005 at one kink point at a time. Figure 2 gives an example of a feasible tax changes. If no such tax change improves social welfare, then we have a restricted local optimum, which we consider as a potential equilibrium outcome of the economy.
The next section describes in detail the procedure which was followed in order to compute these RLOs.
Procedure
An economy is randomly generated with q agents. For each agent, a is drawn over [0; 1]; and b is independently drawn over [1; 2]; using a uniform distribution in both cases. The policymaker starts from a randomly determined tax code with n brackets, by randomly selecting disposable income at each of the kink points, subject to the constraint that marginal tax rates cannot exceed 100 %. Then a restricted local optimum is reached by the following iteration procedure: a number m is randomly selected, and z(m=n); i.e. disposable income that the kink point between bracket m and bracket m+1; is increased by 0.005, as described in the previous section. Social welfare using this new tax code is computed and compared to its value under the previous tax code.
If an improvement is obtained, then the new tax code is substituted for the old one, and the procedure is repeated. Otherwise, one decreases z(m=n) by 0.005. If no improvement is obtained, the procedure considers similar changes for other possible kink points, in the following order: (m+1)=n; (m+ 2)=n; :::; 1; 0; 1=n; :::; (m ¡ 1)=n: As soon as an improvement is obtained, the new tax code replaces the old one and the procedure is repeated. If no improvement is obtained for all possible kink points, one has reached an RLO and the procedure stops.
For each set of parameter values, I have generated 10 di¤erent random economies. For each of them, I have considered all the values of n between n = 1 and n = 6: Given an economy and a value of n; the search for a local optimum is repeated 15n times, starting from 15n di¤erent randomly generated initial tax codes. 4 Given computational errors, from a strictly numerical perspective the 15n searches are likely to yield 15n di¤erent outcomes. One can then in principle look at all these tax codes and consider those which are "close" as the same RLO. However, this is time consuming and not very precise.
In order to give a precise content to such an "optical" method, I use the following kernel transformation. For k = 1; :::; 15n; the corresponding RLO is a vector X k 2 [0; 1] n+1 : For any vector X the kernel function is then given by:
I then use the local optima of K(X) as my estimates of local optima. In order to preserve the relative density of initial tax codes in the tax code space as n goes up, one would need to have the number of searches to increase like x n : However, this is exteremly costly in terms of computer time, so we have chosen a more modest option. Intuitively, it implies that one is more likely to miss some local optima as n goes up, thus leading us to underestimate the e¤ect of n on the number of local optima. Table 1 reports the average number of restricted local optima found by the procedure. Each number is the average over 10 randomly selected economies.
The key …nding which emerges from Table 1 is that the number of RLOs typically raises sharply with the number of tax brackets n; while it is low for a single tax bracket. Therefore, economies with more complex tax systems are more likely to be stuck at a history-dependent, ine¢cient local RLO.
However, this ceases to be true at very high elasticities of labor supply. Foŕ = 1:5; the number of local optima goes up with the number of brackets, but then it falls.
Furthermore, the number of optima …rst increases and then falls with the elasticity of labor supply 1=(´¡ 1): Thus, for n = 3; for example, the average number of optima increases from 2.4 to 6.2 as´falls from 10 to 2, but it then falls to 4.0 as´falls to 1.5.
How could one explain such nonmonotonicity? When´goes down, the e¤ect of a local reform is more complex, because people are more likely to move across brackets. Kau¤man's …ndings suggest that this should increase the number of optima as the objective function becomes more 'rugged' in the policy space. This is indeed what I …nd except for the lowest value of´: Aś falls, an increasing proportion of agents elect a corner solution (e = 0 or e = 1=a) for their e¤ort level. This tends to reduce the e¤ective response of local optima should be 'close' to the computed ones. If two initial values of X k lead to two estimated local optima for K(X) such that the Euclidian distance between them is lower than ¾=3; then they are considered as the same local optimum. Proportionality between ¾ 2 and the dimension of the relevant space guarantees that as n goes up, the average 'tolerance' per kink point is kept constant. e¤ort levels to marginal changes in the tax code. In other words, the true elasticity of labor supply does not necessarily fall when´becomes small. It falls for agents who are not at a corner solution but on the other hands more agents are at a corner solution. Thus, that the number of optima eventually falls as´reaches 1.5 does not necessarily contradict our basic intuition. Table 2 reports how the complexity of the tax system a¤ects its average performance. This average performance is de…ned as the average value, denoted by W (n), of the social welfare function over all 15n searches for RLOs that were made for a given economy. In other words, it is a weighted average of the objective function across local optima, where each optimum is weighted by the frequency with which it was reached. For any economy I then compute the relative performance of the tax system with n brackets as (1); the ratio between the average performance at n and the average performance with 1 brackets. Table 2 then reports the average value of R(n) across the 10 randomly generated economies.
The results in Table 2 are striking. For´= 2; 5; and 10; performance quickly falls when the number of tax brackets becomes too large. That is, the extra losses from being trapped at new, ine¢cient optima which did not exist for more simple tax systems outweigh the extra gains from a better …ne-tuning of tax policy. Furthermore, this e¤ect is stronger, the lower´;
i.e. the greater the e¤ect of an increase in n on the number of optima. For example, an increase in the number of tax brackets from n = 1 to n = 6 reduces average performance by 5.4 % if´= 10; but it reduces it by 12.1 % for´= 5 and by 23.2 % for´= 2: Consequently, optimal tax systems have few brackets. The best performing value of n is 3 for´= 10; and 2 for´= 2 or´= 5:
The story is pretty di¤erent, however, when labor supply elasticity becomes very large. For´= 1:5; more complex tax systems always perform better than n = 1: While the optimal number of brackets is n = 3; the loss from increasing tax complexity beyond the optimum are smaller than in thé = 2 case (some 8 % instead of 23 %). One can speculate that these results are again due to the fact that an increasing number of agents elect a corner solution for e¤ort, thus being inelastic at the margin.
The results are in sharp contrast to what one would expect in a …rst best world. In such a world, an increase in the number of tax brackets by an integer multiplicative factor would always increase welfare, since the old tax rates could be replicated using the new tax system. Table 3 provides an example of the 4 policy outcomes that are found for one of the economies with n = 3 and´= 5: For each local optimum, Columns 2 to 5 respectively report the value of the objective function, total tax receipts, GDP, and the frequency with which the optimum is reached.
Column 6 gives the net income of an agent with zero pre-tax income, i.e. the transfer made to the poorest. Columns 7 to 9 give the marginal tax rate in each bracket, from the bottom to the top of the distribution of income.
The most frequently reached RLO (Equilibrium #1) is also the most desirable one. It has the property that marginal tax rates fall when income goes up, in accordance with the …ndings of Mirrlees (1971) . In 26.6 % of the cases, however, the economy converges to an equilibrium which is much more redistributive, with a marginal tax rate of 100 % for top earners, and slightly higher marginal tax rates than Equilibrium #1 for other agents. Tax receipts are only slightly above their level in the other equilibrium, so that the transfer to the poorest is only slightly larger. On the other hand, GDP is 12 % lower, so that on net this equilibrium performs much worse than the other one.
Finally, there exists two other rare equilibria. The …rst one has substantially higher tax receipts than the other two, at the cost of con…scatory tax rates for bottom and low earners. It subsidizes high earnings at the margin, thus inducing a high e¤ort level by many agents, but still extorts high taxes from the wealthy, as the average tax rate is about 60 % for top earners. These high distortions strongly reduce GDP, while there is little redistribution; but tax receipts and thus the level of public goods is higher than in the other two equilibria. Finally, Equilibrium #4 also virtually expropriates all low and medium income workers, while giving strong work incentives at the top. It has lower tax receipts than other equilibria, but a higher GDP than equilibria #2 and #3. with n = 3 and´= 5:
As table 3 suggests, there exist local optima that perform very poorly, although those in Table 3 tend to be quite infrequent. Table 4 computes the maximum damage of history dependence as measured by the percentage di¤erence between the value of the objective function at the best optimum and its value at the worst one. As Table 4 shows, this loss can be huge and tends to go up with the system's complexity as well as labor supply elasticity, with again an exception at very low elasticities. As this pattern may just be driven by very infrequent poor outcomes, Table 5 looks at the average loss, i.e. at the di¤erence between the average performance of searches and welfare at the best optimum. It con…rms that losses can be quite large and are overall larger, the more complex the system and the greater the elasticity of labor supply. In some cases, it slightly falls for n¸4; although this is often not signi…cant.
All the other patterns are con…rmed, in particular the "optimal" number of brackets never exceeds 3. 
Conclusion
Government policy is based on a large set of interventions: taxes, subsidies, regulations, and discretionary interventions. This paper has explored the idea that they cannot all be changed at the same time, and that the government cannot compute its optimal mix. Rather, it can implement marginal reforms, and keep them if they prove satisfactory.
In the context of tax policy, we have shown that this piece-meal, tatonment approach to economic policy may generate history dependence, in that several local optima may be reached, and which one is reached depends on initial conditions. History dependence is stronger (i.e. there are more local 8
In these checks, 4 economies instead of 10 were used for each parameter set. Results are reported in the Appendix. optima), the more complex the design of economic policy, and the greater the interaction of policy instruments with one another-which in my tax model means that economic agents have a more elastic behavior.
Furthermore, while a more complex policy design may in principle improve outcomes because it increases the value of the best optimum, in practice a complex system may have a lower performance. This is because complexity increases the number of local optima, so the search process may more often yield unsatisfactory outcomes, implying that welfare is lower on average. Indeed, in the context of my tax model, the best performing number of tax brackets is typically equal to 2 or 3.
In the future, I plan to apply similar analysis to other aspects of economic policy, such as environmental regulation or active labor market policies, for example. Table A10 -Average relative performance of tax systems;¸= 0:5
